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Description 

The present invention relates to a torque detecting apparatus for nnonitoring the magnitude of a torque 
imposed on a torque transmitting shaft such as a rotational drive shaft of an electric motor or a vehicle by 
5 utilizing a magnetoelastic effect of a magnetic metal and. more particularly, to a torque detecting apparatus 
which is less influenced by noise or a disturbance magnetic field. 

A torque is very effective as a fundamental parameter for controlling or monitoring a rotational drive 
section of an electric motor, a vehicle, or the like. 

In order to accurately detect the magnitude of a torque imposed on a torque transmitting shaft with high 
70 reliability, detection must be performed in a non-contact manner with respect to the torque transmitting 
shaft. In order to meet this requirement, a torque detecting apparatus utilizing a magnetoelastic effect 
produced in an amorphous magnetic alloy has been proposed (Papers Tec. Meet. Magnetics. lEEJ, MAG- 
81-72). The principle of this torque detecting apparatus will be described below with reference to Fig. 1. 
In Fig. 1, reference numeral 1 denotes a torque transmitting shaft. Annular thin strip 2 formed of an 
75 amorphous magnetic alloy is wound around and fixed to torque transmitting shaft 1. Induced magnetic 
anisotropy KuO is given to annular thin strip 2 in a direction inclined at inclination angle e (e =0) from 
circumferential direction 3. For the sake of descriptive simplicity, assume that 90* > 0 > 45 * , and saturated 
magnetostriction constant Xs > 0. Note that examples of a magnetic metal constituting annular thin strip 2 
include ones exhibiting soft magnetism such as an amorphous magnetic alloy, Permalloy (Fe-Ni alloy), 
20 Sendust <Fe-Al-Si alloy), and the like. 

Assuming that torque 5 is imposed on torque transmitting shaft 1 . surface stress o produced on torque 
transmitting shaft 1 is transmitted to annular thin strip 2. As a result, tension a is produced in annular thin 
strip 2 in a +45* direction, and compressive stress -a is produced in a -45' direction. The magnetoelastic 
effect due to this stress causes an induced magnetic anisotropy Ku1 along the +45" direction with 
25 reference to the circumferential direction of annular thin strip 2. Note that the magnitude of Ku1 is 
represented by Ku1 = 3Xso. 

As a result, the total magnetic anisotropy exhibited by annular thin strip 2 is changed to a resultant 
force of magnetic anisotropy KuO given in advance and induced magnetic anisotropy Ku1 caused by the 
magnetoelastic effect, i.e., to Ku2 shown in Fig. 1. By detecting the change in magnetic anisotropy, the 
30 stress produced in annular thin strip 2, i.e., a torque imposed on torque transmitting shaft 1 can be 
detected. 

As a means for detecting the change in magnetic anisotropy in annular thin strip 2, a detection coil is 
conventionally used. The function of the detection coil is as follows. In general, magnetic permeability u of 
a magnetic substance is changed according to the magnetic anisotropy of the substance with respect to a 

35 direction of magnetic excitation. Therefore, when the magnetic anisotropy of annular thin strip 2 is changed, 
magnetic flux density B in the annular thin strip is changed in accordance with the relation B = uH. As a 
result, an electromotive force corresponding to the change in magnetic anisotropy of the annular thin strip is 
produced in a detection coll (not shown) arranged near annular thin strip 2. The electromotive force can be 
easily measured by a detection circuit connected to the two terminals of the detection coil. Therefore, the 

40 change in magnetic anisotropy in annular thin strip 2 and the magnitude of a torque imposed on torque 
transmitting shaft 1 can be detected on the basis of a change in voltage across the detection coil terminals. 
In this manner, a torque detecting apparatus of this type comprises an annular thin strip as a primary 
sensor, and a detection coil as a secondary sensor. 

The torque detecting apparatus described above has the following problems. 

45 The magnetic anisotropy of annular thin strip 2 which is the primary sensor is also changed by the 
influences of magnetic noise or a disturbance magnetic field present in an environment where the thin strip 
is arranged. As described above, the torque detecting apparatus shown in Fig. 1 operates under the 
assumption that the change in magnetic anisotropy of annular thin strip 2 corresponds to the magnitude of 
the torque imposed on torque transmitting shaft 1. Therefore, the influence of magnetic noise considerably 

50 impairs detection precision. The disturbance magnetic tield or noise can be produced in various directions 
due to various factors, for example a DC magnetic field along the axial direction of the torque transmitting 
shaft, a DC magnetic field along the circumferential direction of the torque transmitting shaft, and the like. 

This problem disturbs applications on various electric systems mounted on a vehicle, such as a power 
steering system, a transmission control system, an engine control system, and the like, which have been 

55 increasingly developed in recent years. Note that the cause of the disturbance magnetic field includes a 
magnet, a motor, an electromagnetic clutch, and the like present nearby. When a current flows through the 
torque transmitting shaft, the current also causes a disturbance magnetic field along the circumferential 
direction of the torque transmitting shaft. 
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Torque sensors which use a thin metal strip as part of a closed magnetic loop and which share the 
problems of other prior art sensors have been described in Japanese Patent Application No. 63-158432 and 
European Patent Specification EP-A-217 640. 

It is an object of the present invention to allow a torque detecting apparatus, having a magnetic metal 
5 thin strip attached to the circumferential surface of a torque transmitting shaft as a primary sensor, for 
detecting the magnitude of a torque imposed on the torque transmitting shaft on the basis of a 
magnetoelastic effect produced in the thin strip, to eliminate the influence caused by magnetic noise or a 
disturbance magnetic field and to perform torque detection with high precision. 

In order to achieve the above object, there is provided a torque detecting apparatus comprising: 
10 a magnetic metal thin strip fixed on the circumferential surface of a torque transmitting shaft as an 
object of torque detection; 

an induced magnetic anisotropy given in advance to said magnetic metal thin strip, said induced 
magnetic anisotropy appearing in a direction of a principal stress produced in said magnetic metal thin strip 
when a torque is imposed on said torque transmitting shaft : and 
75 detection means for detecting a change in magnetic anisotropy produced in the magnetic metal thin 
strip by a torque imposed on the torque transmitting shaft, wherein said magnetic metal thin strip has a 
shape magnetic anisotropy of said magnetic metal thin strip caused by a shape of said magnetic metal thin 
strip under the influence of an excitation coil forming part of the detection means and arranged to produce 
an axial magnet field along an axial direction of the torque transmitting shaft, said shape magnetic 
20 anisotropy appearing in a direction fonming an angle of 45 * with the direction of the principal stress. 

In the torque detecting apparatus of the present invention, since the magnetic metal thin strip has the 
shape magnetic anisotropy, the influence of the disturbance magnetic field can be suppressed. 

The shape magnetic anisotropy means that a magnetic material piece has a direction along which it is 
easily magnetized and a direction along which it is difficult to be magnetized in accordance with its shape. 
25 For example, a needle-like iron piece is easily magnetized in its axial direction, and is difficult to be 
magnetized in a direction perpendicular thei'eto. The direction of the shape magnetic anisotropy is 
represented by a direction along which a magnetic material piece is easily magnetized. 

In the following description, a principal stress direction means a direction of principal stress produced in 
the magnetic thin strip when the torque is imposed on the torque transmitting shaft. 
30 This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Rg. 1 is a view for explaining the principle of a conventional torque detecting apparatus; 
Figs. 2A to 2C are views showing models used for simulating output characteristics of a torque detecting 
apparatus according to the pi'esent invention; 
35 Fig. 3 is a graph showing results obtained by the simulation based on the models shown in Figs. 2A to 
2C; 

Fig. 4 is a view showing an embodiment of a torque detecting apparatus according to the present 
invention; 

Rg. 5 is a block diagram showing a circuit arrangement of the torque detecting apparatus in the 
40 embodiment shown in Rg. 4; and 

Rg. 6 is a graph showing dependency of detection sensitivity of a torque detecting apparatus shown in 
Rgs. 4 and 5 on a DC bias magnetic field. 

Considering a shape form effect of a magnetic metal, the present inventors performed the following 
simulation. 

45 A model used in this simulation will be explained below with reference to Figs. 2A to 2C. Note that in 
this model, a DC bias magnetic field (corresponding to magnetic noise) and a excitation magnetic field are 
imposed in the axial direction of a torque transmitting shaft. Therefore, parameters in Figs, 2A to 20 are 
represented by angles with respect to the axial direction of the torque transmitting shaft. 

In Fig. 2A, a pair of magnetic metal thin strips #1 and #2 are fixed on the circumferential surface of the 

50 torque transmitting shaft. As shown in Fig. 2A, magnetic metal thin strips #1 and #2 have a rectangular 
ribbon shape. Magnetic metal thin strips #1 and #2 are provided with induced magnetic anisotropies having 
induced magnetic anisotropy constants K^uO and K^uO, respectively, along the principal stress direction (a 
+ 45* or -45* direction with respect to the axial direction of the torque transmitting shaft) by a magnetic 
anealing or a heat treatment in a magnetic field. In addition, magnetic metal thin strips #1 and #2 have 

55 shape magnetic anisotropies having shape magnetic anisotropy constants K^'uO and K^'uO based on their 
rectangular shape. As shown in Fig. 2A, each shape magnetic anisotropy has a direction along the long 
sides of the corresponding rectangular magnetic metal thin strip. The direction of the shape magnetic 
anisotropy can be generally defined as a 45* direction with respect to the principal stress direction, as 
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described in the appended claims. The magnitude of the shape magnetic anisotropy changes in accordance 
with a ratio of the length of the long sides to that of the short sides. 

The reason why the ribbon-shaped magnetic metai thin strips are used in place of annular thin strip 2 
shown in Fig. 1 is as follows. That is. annular thin strip 2 is formed by bending a ribbon-shaped thin strip 

5 provided with a predetermined magnetic anisotropy in advance in correspondence with the curvature of 
torque transmitting shaft 1. Since a new magnetic anisotropy appears due to a stress during deformation, 
magnetic anisotropy KuO given in advance is degraded. On the other hand, it is very difficult for the thin 
strip which has been shaped annular to be given magnetic anisotropy KuO. In contrast to this, the magnetic 
anisotropy KuO is easily introduced into the ribbonshaped magnetic metal thin strip by a magnetic anealing. 

10 Further, the ribbon-shaped magnetic metal thin strips partially cover the circumferential surface of the 
torque transmitting shaft can suppress degradation of induced magnetic anisotropy KuO given in advance 
since it suffers from smaller deformation during mounting. However, it is known to those who are skilled in 
the art to use such a ribbon-shaped magnetic metal thin strip as a primary sensor. 

The pair of magnetic metal thin strips #1 and #2 are used since torques in positive and negative 

15 directions are detected with good linearity. When only one primary sensor having a direction of the induced 
magnetic anisotropy corresponding to + d or -Q is used, the torques in the positive and negative directions 
cause the magnitude of detection outputs to vary even when a torque having the same absolute value is 
imposed. In contrast to this, when the pair of primary sensors and a pair of corresponding detection coils 
are used and the pair of detection coils are differentially connected, a detection output having excellent 

20 linearity from the positive direction to the negative direction can be obtained. 

As shown in Fig. 2B, when torque T is imposed on the torque transmitting shaft, in each of magnetic 
metal thin strips #1 and #2, tensile stress +aA and compressive stress oA are produced in the principal 
stress direction, i.e.. in a +45' direction and a -45* direction, respectively. 

Fig. 2C shows a model when torque T imposed as described above is detected. Assume that alternate 

25 magnetic field ±Hp is imposed along the axial direction of the torque transmitting shaft in order to excite a 
detection coil (not shown), and DC bias magnetic field Hb is present along the axial direction as a 
disturbance magnetic field. The directions of saturation magnetization Is in magnetic metal thin strips #1 
and if2 are respectively represented by di and $2 with respect to the axial direction of the torque 
transmitting shaft. 

30 The simulation performed based on the above-mentioned models will be described below. 

Magnetic energies of magnetic metal thin strips #1 and #2 are defined by the followirig equations. In 
these equations. Ei+ + and E2* are the magnetic energies when an excitation magnetic field is +Hp, and 
Et~ and Ez" are the magnetic energies when an excitation magnetic field is -Hp. Note that Nw is the 
demagnetizing factor in the widthwise direction of the magnetic metal thin strip, and Nl is the demagnetiz- 

35 ing factor in the longitudinal direction of the magnetic metal thin strip. Therefore, a ratio of Nw to Nl 
represents the shape magnetic anisotropy of the magnetic metal thin strip. 

#1 Ei+ = -Is(Hb + Hp)cosei+ + K'ulsin2{e+ - (Tr/4)} 
^ + (l/2)NwIs2cos26i+ + (l/2)NLls^cos2ei+ 

El^ = -IsfHb + Hp)cosei" + K'LJlsin2{e- - (ti/4)} 
+ (l/2)NwIs^cos2ei- + (l/2)NLls2cos2ei- 
45 #2 E2+ = -Is(Hb + Hp)cose2'*" + K'u2sin2{e+ - (ii/4)} 

+ {l/2)NvjIs^cos2o2"*' + (l/2)NLls^COs2e2'*' 
E2" = -Is(Hb + Hp)cose2'" + K«u2sin2{e- - (it/4)) 
+ (l/2)NwIs^cos2e2" + ( l/2)NLls^COs2e2"" 

50 

The first, second, third, and fourth terms in the right side in each equation respectively represent the 
following energy terms: 

Rrst term: magnetostatic energy term of magnetic metal thin strip 

55 Second term: energy term based on induced magnetic anisotropy 

Third & fourth terms: energy terms based on shape magnetic anisotropy 
K'ul and K*u2 satisfy the following equations, respectively: 
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K'ul = K^uO + 3XSaA 
K'u2 = K^uO - 3XsoA 

By solving the differentia! equation of dE/dd = 0 for the above equations, angle e mininrtizing the 
5 magnetic energy can be obtained. The output from the torque detecting apparatus in the above-mentioned 
model is expressed by the following equation: 

Vout = ls(COSfli+ - COSOi") - ls(C0Se2* - COS02~) 

10 Based on the above-mentioned theory, a change in output when DC bias magnetic field Hb correspond- 
ing to a disturbance magnetic field gas changed was simulated. In this simulation, the following conditions 
were set. 

Diameter of torque transmitting shaft: 20 mm 
Excitation magnetic field Hp: 0.09 Oe 

IS Torque T: 1 kg*m 

In order to examine the shape effect of the magnetic metal thin strip, the ratio of demagnetizing factor 
Nw to Nl was used as a parameter, and Nw : Nl was changed within the range of 1 0 : 1 to 1 : 2 under the 
condition of 47r(Nw + NJ = 0.1 . 

Fig. 3 shows the simulation results. Fig. 3 reveals: 

20 

(I) When Nw : Nl = 1 : 1 

The size in the longitudinal direction of the magnetic metal thin strip is equal to that in the width-wise 
direction. In this case, if DC bias magnetic field Hb is zero, the absolute value of the output is large. 
25 However, the output value largely changes depending on bias magnetic field Hb. and this indicates that the 
influence of the disturbance magnetic field is conspicuous. 

(II) When Nw : Nl falls in the range of 2 : 1 to 10 : 1 

30 

This magnetic metal thin strip has a rectangular shape, and is tixed having its longitudinal direction 
aligned along the circumferential direction of the torque transmitting shaft. In this case, the output when DC 
bias magnetic field Hb is zero is decreased below case <l). However, upon application of DC bias magnetic 
field Hb. the absolute value of tiie output is increased, and forms a peak at certain Hb- In addition, the output 
35 curve is relatively moderate, and has a fiat region on its peak portion. This indicates that the dependency on 
bias magnetic tield Hb is small, and this magnetic metal thin strip is not easily influenced by the disturbance 
magnetic field. 

(III) When Nw : Nl = 2 : 3 or 1 : 2 

40 

This magnetic metal thin strip has a rectangular shape, and is fixed having its longitudinal direction 
aligned along the axial direction of the torque transmitting shaft. In this case, the output from the torque 
detecting apparatus linearly decreases upon an increase in DC bias magnetic field Hb. This indicates that a 
resistance against the disturbance magnetic tield is low. 

45 The above-mentioned simulation results lead to the following conclusion. When the disturbance 
magnetic tield is imposed in the axial direction of the torque transmitting shaft, the magnetic metal thin strip 
is formed to have an elongated shape so that the dimension in the longitudinal direction is about twice that 
in the widthwise direction, and is fixed having its longitudinal direction aligned along the circumferential 
direction of the torque transmitting shaft, thereby effectively suppressing the influence of the disturbance 

50 magnetic tield. If torque detection is performed in a state wherein a predetermined DC bias magnetic tield is 
imposed so that measurement can be performed at peak portions of curves shown in Fig. 3, more stable 
torque detection can be assured. 

Based on this conclusion, a similar induction can be made when the disturbance magnetic field is 
imposed in a direction perpendicular to the axial direction of the torque transmitting shaft. More specifically, 

55 in this case, the magnetic metal thin strip similarly has an elongated shape, and is tixed having its 
longitudinal direction aligned along the axial direction of the torque transmitting shaft, so that the influence 
of the disturbance magnetic field can be effectively suppressed. 
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The same effect can be obtained when alternate magnetic field ±Hp is imposed in the circumferential 
direction of the torque transmitting shaft in order to excite the detection coil. In this case, the shape 
magnetic anisotropy along the axial direction of the torque transmitting shaft is given to the magnetic metal 
thin strips #1 and #2. thereby obtaining a resistance against the disturbance magnetic field in the axial 
5 direction. Note that as a means for exciting the detection coil in the circumferential direction of the torque 
transmitting shaft, a magnetic head disclosed in. e.g.. U.S. Patent No. 4.762.008 can be used. 

A torque detecting apparatus according to an embodiment of the present invention with the arrange- 
ment based on the simulation results will now be described. 

Fig. 4 is a schematic view showing an embodiment of the torque detecting apparatus according to the 
70 present invention, and Fig. 5 is a block diagram showing its circuit anrangement. 

In Fig. 4, reference numeral 11 denotes a torque transmitting shaft. The torque transmitting shaft is 
made of a ferromagnetic material such as S45C. and has a diameter of 20 mm. A pair of magnetic metal 
thin strips 12a and 12b of an amorphous alloy as primary sensors are fixed to the circumferential surface of 
torque transmitting shaft 11. Each of magnetic metal thin strips 12a and 12b has an elongated rectangular 
15 shape having a width of 4 mm and a length of 30 mm, and has a thickness of 20 um. fs^agnetic metal thin 
strips 12a and 12b are sliced from an amorphous magnetic alloy thin film having the following composition 
and manufactured by a single roll method. 

(Feo5Coo.8)78 Sis Bi « 



Predetermined induced magnetic anisotropies K^uO and K^uO are given to magnetic metal thin strips 
12a and 12b by a magnetic anealing or a heat treatment in a magnetic field before they are attached to 
torque transmitting shaft 11. The directions of these induced magnetic anisotropies K^uO and K^uO 
respectively correspond to + 45 • and -45 ' directions with respect to the circumferential direction of torque 

25 transmitting shaft 11. Shape magnetic anisotropies K^'uO and K^'uO are respectively given to magnetic metal 
thin strips 12a and 12b by the elongated rectangular shape effect. The directions of these shape magnetic 
anisotropies correspond to a 45 * direction (in this case, the circumferential direction of torque transmitting 
shaft 11) with respect to the principal stress direction produced in the surface when a torque is imposed. 
Note that the magnitudes of induced magnetic anisotropies K^uO and K^uO and shape magnetic anisotropies 

30 K^'uO and K?'uO are as follows: 

K^uO. K^uO: 1x10* erg/cm3 
K^'uO. K2'u0: 1 x 105 erg/cm^ 

35 In the torque detecting apparatus of this embodiment, cylindrical detection coils 13a and 13b as 
secondary sensors are provided to amorphous magnetic metal thin strips 12a and 12b in a non-contact 
manner. These detection coils 13a and 13b are arranged to surround torque transmitting shaft 11. and are 
located above conresponding magnetic metal thin strips 12a and 12b. Furthermore, cylindrical excitation coil 
14 for exciting these detection coils is arranged outside detection coils 13a and 13b. Each of detection coils 

40 13a and 13b and excitation coil 14 is obtained by winding a copper wire having a wire diameter of 0.3 mm 
around a nonmagnetic piece frame (not shown). The number of turns is 100 for detection coils 13a and 13b, 
and 300 for excitation coil 14. 

As shown in Fig. 5, the torque detecting apparatus of this embodiment has oscillator 21 . Oscillator 21 
produces a sine-wave excitation current of 10 kHz. The excitation current is amplified by amplifier 22, and is 

45 imposed to excitation coil 14. As a result, since excitation coil 14 is excited, detection coils 13a and 13b and 
magnetic metal thin strips 12a and 12b are placed in the alternate magnetic tield (excitation magnetic tield 
Hp), thus forming a torque detection enable state. In this state, when the torque is imposed and the 
magnetic anisotropies of magnetic metal thin strips 12a and 12b are changed, changes in voltage occur in 
detection coils 13a and 13b by a change in magnetic permeability. The changes in voltage are supplied to 

50 sync detector 26 through differential amplifiers 23. 24. and 25, and are rectitied. Thus, a DC torque 
detection signal which changes according to a change in torque can be obtained. 

Finally, an experiment will be explained wherein torque detection was carried out in practice using the 
above-mentioned torque detecting apparatus, and the influence of the disturbance magnetic field was 
examined. In this experiment, the entire system shown in Rg. 4 was housed in a cylindrical coil, and a DC 

55 current was flowed through the coil to impose a DC bias magnetic tield (corresponding to disturbance) 
along the axial direction of the torque transmitting shaft. By changing the magnitude of the bias magnetic 
tield, a change in torque detection sensitivity at a predetermined excitation voltage was examined. Rg. 6 
shows the examination results. 
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As apparent from Fig. 6, when the absolute value of the DC bias magnetic field along the axial direction 
of torque transmitting shaft 11 exceeds about 20 Oe. the torque detection sensitivity is increased, and its 
variation is minimized. Therefore, when a torque is detected using the apparatus of this embodiment, a 
predetermined bias magnetic field of 20 Oe or more is preferably imposed in advance. Thus, when the 
5 disturbance magnetic field is imposed, a variation in detection sensitivity caused thereby can be minimized. 

The experimental results support the simulation results, and reveal that the torque detecting apparatus 
of this embodiment Is less influenced by the dlsturt^ance magnetic field and the stable detection output can 
be obtained. 

The above description is associated with an embodiment wherein a rectangular magnetic metal thin 
10 strip is used as a primary sensor as shown in Figs. 2A to 2C and Fig. 4. However, the present invention can 
be similarly applied to a case wherein annular thin strip 2 is used as a primary sensor like in the related art 
shown in Fig. 1. In this case, the shape magnetic anisotropy of annular thin strip 2 can be controlled by 
changing a ratio of its diameter to Its width. 

75 Claims 

1. A torque detecting apparatus comprising: 

a magnetic metal thin strip (12a. 12b) fixed on the circumferential surface of a torque transmitting 
shaft (1 1) as an object of torque detection; 
20 an induced magnetic anisotropy given in advance to said magnetic metal thin strip (12a. 12b), said 

induced magnetic anisotropy appearing in a direction of a principal stress produced in said magnetic 
metal thin strip (12a, 12b) when a torque is imposed on said torque transmitting shaft (11); and 

detection means (13a. 13b, 14) for detecting a change in magnetic anisotropy produced in the 
magnetic metal thin strip by a torque imposed on tiie torque transmitting shaft (11), 
25 characterized in that 

said magnetic metal thin strip has a shape magnetic anisotropy of said magnetic metal thin strip 
caused by a shape of said magnetic metal thin strip under the influence of an excitation coil (14) 
forming part of the detection means and arranged to produce an axial magnetic tield along an axial 
direction of the torque transmitting shaft (11). said shape magnetic anisotropy appearing In a direction 
30 forming an angle of 45 * with the direction of the principal stress. 

2. An apparatus according to claim 1. further characterized in that said detection means comprises a 
cylindrical detection coil (13a, 13b) arranged to surround the torque transmitting shaft (11), the 
excitation coil (14) being cylindrical so as to excite said detection coil arranged outside said torque 

35 transmitting shaft, for detecting a change in magnetic permeability caused by a change in magnetic 
anisotropy of said magnetic metal thin sti^ip (12a, 12b) as a change in terminal voltage of said detection 
coll (13a. 13b). 

3. An apparatus according to either preceding claim, further characterized in that a pair of said magnetic 
40 metal thin strips (12a, 12b) are provided, and directions of said induced magnetic anisotropies given to 

said magnetic metal thin strips (12a, 12b) are symmetrical about the direction of the principal stress. 

4. An apparatus according to any preceding claim, further characterized in that said pair of magnetic 
metal thin strips (12a, 12b) have a ribbon shape. 

45 

5. An apparatus according to any preceding claim, further characterized by further comprising: means for 
imposing a predetermined DC bias magnetic field in the same direction as that of a prospective 
disturbance magnetic field. 

50 6. An apparatus according to any preceding claim, further characterized In that said magnetic metal Is an 
amorphous alloy. 

7. An apparatus according to any preceding claim, further characterised in that the shape magnetic 
anisotropy of said magnetic thin strip (12a. 12b) has a demagnetising factor ratio (Nw:N|.) of from 2:1 to 
55 10:1. 
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PatentansprUche 

1. Drehmomentdetektorapparat mit 

einem magnetischen dUnnen MetaDstreifen (12a, 12b). der auf der UmfangsoberflMche einer 
5 Drehmoment Ubertragenden Welle (1 1 ) als ein Gegenstand der Drehmomentdetektion befestigt ist; 

etner induzierten magnetischen Anisotropie. die dem nrtagnettschen dUnnen Metalistreifen (12a. 12 
b) im voraus gegeben wird, wobei die induzierte magnetische Anisotropie in einer Richtung einer 
Hauptbeanspruchung erscheint. welche in dem magnetischen dOnnen Metalistreifen (12a. 12b) erzeugt 
wird« wenn ein Drehmoment an die Drehmoment Ubertragende Welle (11) angelegt ist; und 
10 einer Detektionseinrichtung (13a. 13b. 14) zum Detektieren einer Anderung in der magnetischen 

Anisotropie, weiche in dem magnetischen dUnnen Metalistreifen durch ein Drehmoment erzeugt wird, 
welches an die Drehmoment Ubertragende Welle (11) angelegt ist. 

dadurch gekennzeichent. dafi 

der magnetische dUnne Metalistreifen eine formmagnetische Anisotropie des magnetischen dUnnen 
15 Metallstreifens besitzt, die durch eine Form des magnetischen dunnen Metallstreifens unter dem 
EinfluB einer Anregungsspule (14) verursacht ist wetche einen Teil der Detektionseinrichtung bildet und 
angeordnet ist, um ein axiales Magnetfeld entlang einer axialen Richtung der Drehmoment Ubertragen- 
den Welle (11) zu erzeugen, wobei die formmagnetische Anisotropie in einer Richtung erscheint, die 
einen Winkel von 45* mit der Richtung der Hauptbeanspruchung bildet. 

20 

2. Apparat nach Anspruch 1, der ferner dadurch gekennzeichnet ist, dafi die Detektionseinrichtung eine 
zylindrische Detektionsspule (13a, 13b) umfaBt, welche so angeordnet ist. daB sle die Drehmoment 
Ubertragende Welle (11) umschlieSt, wobei die Anregungsspule (14) zylindrisch ist. um so die 
Detektionsspule (14). die auBerhalb der Drehmoment Obertragenden Welle angeordnet ist, zum Detek- 

25 tieren einer Anderung in der magnetischen PermeabilitSit. welche durch eine Anderung in der magneti- 
schen Anisotropie des magnetischen dunnen Metallstreifens (12a, 12b) verursacht ist, als eine Ande- 
rung der AnschluBspannung der Anregungsspule (13a. 13b), anzuregen. 

3. Apparat nach einem der vorangegangenen AnsprUche, der ferner dadurch gekennzeichnet ist, daB ein 
30 Paar von magnetischen dUnnen Metalistreifen (12a, 12b) bereitgestellt ist. und daB die RIchtungen der 

induzierten magnetischen Anisotropien, die den magnetischen dUnnen Metalistreifen (12a. 12b) gege- 
ben sind, symmetrisch bezUglich der Richtung der Hauptbeanspruchung sind. 

4. Apparat nach irgendeinem der vorangegangenen AnsprUche, der ferner dadurch gekennzeichnet ist. 
35 dafi das Paar der magnetischen dUnnen Metalistreifen (12a, 12b) eine Bandform besitzt. 

5. Apparat nach irgendeinem der vorangegangenen AnsprUche, der ferner gekennzeichnet ist durch 
ferner: eine Einrichtung zum Aniegen eines vorbestimmten Gleichstrom-Vorspann-Magnetfeldes in der 
gleichen Richtung wie diejenige eines voraussichtlichen St6rungsmagnetfeldes. 

40 

6. Apparat nach irgendeinem der vorangegangenen AnsprUche, der ferner dadurch gekennzeichnet ist. 
daB das magnetische Metall eine amorphe Legierung ist. 

7. Apparat nach irgendeinem der vorangegangenen AnsprUche, der ferner dadurch gekennzeichnet ist, 
45 daB die formmagnetische Anisotropie des magnetischen dUnnen Streifens (12a. 12b) ein entmagnetisie- 

rendes FaktorverhSltnis (Nw:Nl) von 2:1 bis 10:1 enthSlt. 

Revendications 

60 1. Appareil de detection de couple, comprenant : 

une mince bande m^tallique magn^tique (12a, 12b) fix4e h la surface circonfdrentielle d'un arbre 
(11) de transmission de couple constituant un objet de detection de couple. 

une anisotropie magn^tique induite pr^alablement donn^e k la mince bande m^tallique magn^tique 
(12a. 12b). cette anisotropie magn^tique induite apparaissant dans une direction de contrainte principa- 
55 le produite dans la mince bande m^tallique magn4tique (12a, 12b) lorsqu'un couple est appliqu^ k 
Tarbre (1 1 ) de transmission du couple, et 

un dispositif (13a, 13b, 14) de detection d'un changement de I'anisotropie magn^tique produite 
dans la mince bande m^tallique magn^tique par un couple appliqu^ 5 I'arbre (11) de transmission de 
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couple, caract^ris^ en ce que 

la mince bande m^tallique magn6tique a une anisotropie magn^tique de forme de ia mince bande 
m^tallique magn^tique qui est provoqu^e par une forme de la mince bande m^taiiique magn^tique 
sous rinfluence d*une boblne excitatrice (14) faisant partie du dispositif de detection at destin^e h cr^er 
5 un champ magn^tique axial dans une direction axiale de I'arbre (11) de transmission de couple, 
i*anisotropie magn^tique de forme apparaissant dans une direction faisant un angle de 45 * avec la 
direction de la contrainte principale. 

2. Appareil selon la revendicatton 1 , caractdris4 en outre en ce que le dispositif de detection comporte 
10 une bobine cylindrique (13a. 13b) de detection destin^e di entourer Tarbre (11) de transmission de 

couple, ia bobine excitatrice (14) dtant cylindrique afin qu*elle excite la boblne de detection plac^e k 
I'ext^rleur de Tarbre de transmission de couple afIn qu'elle d^tecte un changement de permeability 
magn^tique due ^ un changement d'anlsotropie magn^tlque de la mince bande m^tallique magn^tique 
(12a, 12b) sous forme d'un changement d'une tension aux bornes de la bobine de detection (13a, 13b). 

76 

3. Apparel) selon Tune des revendications pr^c^dentes. caract^ris^ en outre en ce qu'une paire de 
minces bandes mdtalHques magn^tiques (12a, 12b) est utillsde, et les directions des antsotropies 
magn^tiques induites donn^es aux minces bandes m^talliques magndtiques (12a. 12b) sont symdtri- 
ques par rapport & la direction de la contrainte principale. 

20 

4. Appareil selon Tune quelconque des revendications pr^cddentes, caractdris§ en outre en ce que la 
paire de minces bandes m^talliques magn^tiques (12a. 12b) a une forme de ruban. 

5. Appareil selon Tune quelconque des revendications pr^c^dentes, caract§ris6 en outre en ce qu'elle 
25 comprend aussi un dispositif destine h imposer un champ magn^tique continu pr§d§termin§ de 

polarisation dans la m§me direction que le champ magn^tique de la perturbation prdvue. 

6. Appareil selon Tune quelconque des revendications pr^c^dentes, caract^ris^ en outre en ce que le 
m^tal magn^tique est un alliage amorphe. 

30 

7. Appareil selon Tune quelconque des revendications pr^c^dentes. caractdris4 en outre' en ce que 
Tanisotropie magn§ttque de forme de la mince bande magn^tique (12a, 12b) a un rapport de facteurs 
de demagnetisation (Nw/NO compris entre 2/1 et 10/1. 

35 
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